Objectives. The microRNAs have been implicated in the development and function of the inner ear, especially in contribution to hearing. However, the impact of idiopathic sudden sensorineural hearing loss (SSNHL) on expression of miR-NA biogenesis-related components has not been established. To investigate the regulations of microRNA (miRNA) biogenesis-related components, argonaute 2 (AGO2) and DiGeorge syndrome critical region gene 8 (DGCR8) mRNA expression in SSNHL and to evaluate the value of clinical parameters on their expression.
INTRODUCTION
Idiopathic sudden sensorineural hearing loss (SSNHL), also known as sudden deafness, is defined as more than 30 dB sensorineural hearing loss over three continuous test frequencies occurring within a 72 hours period [1] . SSNHL has been reported to have an incidence of between 5 to 20 cases per 100,000 populations per year [2] . Although spontaneous recovery in 45% to 65% of patients, permanent hearing loss remains in an important clinical issue [3] . Several suggested theories attempt to elucidate the aetiopathogenesis of idiopathic SSNHL, including viral infection, vascular impairment, autoimmune diseases, and cochlear membrane ruptures [3] [4] [5] , however, which mechanism is involved in developing SSNHL is not yet to be adequately explained. Among the theories being investigated were the possibilities that genetic risk factors made a significant contribution to SSNHL by our study group [6, 7] .
MicroRNAs (miRNAs) are new class of highly conserved and small noncoding RNAs that can negatively regulate gene expression by degradation and translational inhibition of their target mRNAs [8] . The biogenesis of miRNA is a well-organized process and accomplished by several important components including the DiGeorge syndrome critical region gene 8 (DGCR8 or pasha) and argonaute 2 (AGO2) [8, 9] . DGCR8 is a factor of the microprocessor complex and has been shown to be necessary for miRNAs maturation [9] . Within the cytoplasm, the pre-miRNAs are further processed by multidomain. The gene expression regulating effects of miRNAs are accomplished by the RNA-induced silencing complex (RISC), multiprotein effector complex with endonuclease activity, which integrates mature miRNA strands [8] . The RISC is the main element of the RNA silencing process and consist of several different proteins that comprise multiprotein complex, including AGO1, AGO2, and the doublestranded RNA-binding protein [10] .
In the recent studies, miRNA have received increasing attention because of their implication in hair cell development and regeneration and in degeneration of the organ of corti during agerelated hearing loss [11, 12] . The expression of miRNA biogenesis pathway proteins, DGCR8 and AGO2 directly influence the biosynthesis of all miRNAs, severely affecting their target the gene expression pattern. If any miRNA biogenesis-related component is dysregulated, miRNA maturation could be significantly altered. The dysregulated expression of important individual miRNA biogenesis-related component has recently been shown in various human disease, including respiratory syncytial virus disease [13] , neurological diseases [14] , cancer [10] , and immunologic diseases [15] . As a result, it was hypothesized that the miRNA biogenesis pathway may be involved in the idiopathic SSNHL.
In the present study, we aimed to investigate the mRNA expression levels of DGCR8 and AGO2 in whole blood cells but erythrocytes of patients with SSNHL and healthy controls, and examined the correlation of the mRNA levels of these miRNA machinery components with various clinical parameters.
MATERIALS AND METHODS

Patients and specimens
Thirty-seven patients diagnosed with SSNHL between April 2012 and September 2012 at Dongsan Medical Center by welltrained doctors specialized in ear, nose and throat. Patients were included according to the following diagnostic criteria: >30 dB sensorineural hearing loss in more than 3 consecutive frequencies by pure tone audiogram with onset within 3 days, and no involvement of cranial nerves other than the eighth cranial nerve. SSHNL patients were grouped into several clinical characteristics (Table 1) . Fifty-one healthy volunteers, Korean who underwent physical examinations and with no clinical evidence of SSNHL or any other disorders were collected as controls. Blood samples were taken from SSHNL patients in the acute phase of hearing loss. All patients and healthy volunteers were explained the study purpose, and informed consent was obtained from each study participant. The protocols were approved by the Institutional Review Board of Keimyung University Dongsan Medical Center (approval #12-119).
Specimen and preparation
Peripheral blood was obtained from healthy volunteers and patients with SSNHL. Blood specimens were collected into ethylenediaminetetraacetic acid (EDTA) tubes to avoid clots. EDTA tubes were centrifuged and then phosphate buffered saline (PBS) was added to wash. The erythrocytes were removed twice with ACK lysis buffer (Gibco, Grand Island, NY, USA).
RNA isolation and quantitative real-time PCR
The mRNA expression of components of the miRNA biogenesis including DGCR8 and AGO2 was detected by means of quantitative reverse transcription polymerase chain reaction (RT-PCR). Total cellular RNA was extracted from whole blood cells but erythrocytes using TRIzol (Invitrogen, Calsbad, CA, USA) and treated with a DNAse to remove DNA. Each cDNA was synthesized form 2 g of total RNA using M-MLV reverse transcriptase (Promega, Madison, WI, USA). By using the specific primer pairs described in Table 2 and SYBR GREEN Premix (TOYOBO, Osaka, Japan). Quantitative real-time PCR was performed on the LightCycler 480 real-time PCR system (Roche, Mannheim, Germany). Relative gene expression was calculated by using the compara- tive CT (ΔCt) method (ΔCt=specific target gene Ct-β-actin Ct) [16] . β-actin was used as a housekeeping gene for normalization, and a no template sample was used as a negative control.
Statistical analysis
Statistical analysis was performed with SPSS ver. 18.0 (SPSS Inc., Chicago, IL, USA). In order to compare the mRNA expression levels of miRNA biogenesis-related components between patients with SSNHL and healthy volunteers, the data were analyzed using the Mann-Whitney U-test of variance for continuous variables. Correlations between mRNA expressions of interindividual miRNA biogenesis-related components were analyzed by the Pearson correlation coefficient analysis. Statistical analyses between each miRNA biogenesis-related component and each clinical characteristic were performed by using the Kruskal-Wallis test for categorical variables. Generally, P<0.05 was established to denote significance in all statistical analyses performed in the study.
RESULTS
Expression levels of AGO2 and DGCR8 mRNA in patients with SSNHL and controls
To investigate whether the significant changes on the mRNA expression levels of miRNA biogenesis-related components in the specimens of patients with SSNHL, we evaluated the mRNA expression levels of DGCR8 and AGO2 in patients with SSNHL and healthy controls. Prior to statistical analysis, raw qPCR data of DGCR8 and AGO2 mRNA expression were normalized to reference gene, β-actin. The AGO2 expression level was significantly higher in patients with SSNHL (P<0.05) ( Table 3 , Fig. 1 ). However, in the expression level of DGCR8, there were no significant differences between patients with SSNHL and healthy controls ( Table 3 , Fig. 1 ).
Relationship between mRNA expression levels of AGO2 and DGCR8 in patients with SSNHL and controls
There was a significant correlation between AGO2 and DGCR8 with Pearson correlation coefficient value of 0.650 and 0.551 was found in patients with SSNHL (P<0.001) and healthy control (P<0.001), respectively (Fig. 2) .
Relationship between AGO2 and DGCR8 mRNA expression levels and the clinical parameters in patients with SSNHL
To evaluate the influence of the clinical characteristics on the mRNA expression levels of AGO2 and DGCR8, the patients were classified according to each clinical characteristic. The clinical characteristics of all 37 patients (mean age, 57.51±12.56 years) with SSNHL were presented in Table 1 . As shown in Table  4 , the AGO2 mRNA expression level was significantly associated with WBC count in SSNHL patients (P<0.05). This statistical analysis was performed by using the Kruskal-Wallis test for categorical variables. There were no significant associations between expression levels of the DGCR8 and each clinical characteristic after the same analytic method (data not shown).
DISCUSSION
The discovery that gene expression can be altered through RNA interference [17] has stimulated research on the role of RNA interference in the development of various human diseases. RNA interference such as miRNA or siRNA could influence expression patterns of various genes by inhibiting mRNA expression. The maturation of miRNA or siRNA is highly intricate and tightly controlled processes, regulated by miRNA biogenesis-related components. Dysregulation of miRNA biogenesis frequently causes diseases in humans. Alteration of miRNA biogenesis-related components in various human diseases has been reported. For example, it has been revealed that DGCR8 is upregulated in colorectal carcinoma [18] , and protein activator of the interferon-induced protein kinase (PACT) mRNA expression was found to be altered in chronic rhinosinusitis [19] . In addition, reduced Dicer expression in the cord blood of infants admitted with severe respiratory syncytial virus disease [13] . But, the regulation of miRNA biogenesis-related components has not been evaluated in SSNHL.
In this study, we investigated the mRNA expression levels of miRNA biogenesis-related components such as DGCR8 and AGO2 in SSNHL. Using a quantitative real-time PCR approach, as shown in Fig. 1 , we found that the AGO2 mRNA expression level is significantly upregulated in patients with SSNHL in comparison to healthy controls. These results may not reflect what's going on in the inner ear because we evaluated only through transcripts from the peripheral blood cells not the inner ear cells. Although, more research is needed on the regulations of the AGO2 in many other disease, this result suggest that the upregulated mRNA expression level of AGO2 is involved in SSNHL pathogenesis. In a recent study, mRNA levels of DGCR8 and AGO2 have been appeared positively correlated to each other in colorectal carcinoma [18] . So, in the present study, the correlation between expression levels of interindividual miRNA biogenesis-related components was evaluated by using the Pearson correlation coefficient analysis. In both SSNHLs and controls, a significant correlation between DGCR8 and AGO2 was found (Fig.  2) . Based on the finding that significant correlations between DGCR8 and AGO2 obtained from statistical analyses in SSNHLs or controls, unlike reported results [18] , the correlations between DGCR8 and AGO2 are not a specific epiphenomenon or a pathogenesis of SSNHL. Altered expressions of miRNA biogenesis-related components are associated with various human diseases. Although it is difficult to know whether the dysregulated component is cause or outcome in a pathogenesis of the diseases, it has been reported that there were significant correlations between the dysregulated components and clinical characteristics [20] . It has been reported that various prognostic factors are significantly associated with clinical characteristics of SSNHL. Known several prognostic fac- tors associated with SSNHL are initial hearing loss level, audiogram patterns, age, presence or absence of vertigo and tinnitus, duration of initial treatment from onset, underlying disease [2, 21, 22] . Enache and Sarafoleanu [23] described good prognosis in the hearing recovery of SSNHL was associated with absence of vertigo, early treatment (the first 7 days), and initial hearing loss less than 50 dB. Wei and He [24] described the factor of age, the trouble time before treatment, vertigo with (or) tinnitus, degree of hearing loss, the patterns of audiogram are correlated with prognosis of SSNHL. Moreover, to the best of our knowledge, this is the first study to investigate correlations between expressions of miRNA biogenesis-related components and clinical characteristics in SSNHL. We analyzed the influence of clinical characteristics, including sex, age, the duration of initial treatment from onset, initial pure tone average, white blood cell (WBC) count, Siegel's criteria, and erythrocyte sedimentation rate in SSNHL by using the Kruskal-Wallis for categorical variables. The WBC counts were divided into three groups depending upon WBC numbers per microliter blood in an attempt to find out association with mRNA expression levels of AGO2 (Table 4 ). The AGO2 mRNA expression level was significantly associated with the groups of WBC counts in SSNHL (Table 4) . It has been reported that WBC counts are a biomarker related to systemic stress and cochlear inflammation [25] . Additionally, several systemic inflammatory processes can be detected by examination of the blood, which may also be a very promising approach for monitoring possible pathogenetic mechanisms associated with SSNHL [26] . In this study, downregulated AGO2 mRNA expression level (I, 11.89±1.15; III, 9.54±1.7) was found in abnormal WBC counts group I and III in comparison with normal WBC counts group II (7.37±2.67). An elevated WBC count does not indicate a specific disease by itself, however, is correlated with infection, systemic illness, inflammation, allergy, leukemia, and tissue injury caused due to burns, etc. Although, more research is needed on the relationship between altered AGO2 mRNA expression level and aberrant WBC counts as a inflammatory marker, this finding suggested that downregulated AGO2 mRNA expression level in the patient with SSNHL may be associated with cochlear inflammation or systemic inflammatory condition in the disease.
The current study showed that the expression of important miRNA biogenesis-related components is disturbed in SSNHL patients' whole blood cells except erythrocyte. Although, based on the data, it doesn't provide clear aetiopathogenesis of SSNHL, this study would be expected to help investigating SSNHL as a good research starting point.
In this study, we investigated the mRNA expression levels of two selected miRNA machinery components, AGO2, and DGCR8, and their clinical association in SSNHL for the first time. Our data demonstrated that AGO2, a RISC component, is significantly upregulated in SSNHL, suggesting that reduced expression of AGO2 may play an important role in the development of SSNHL.
